The environmental performance of low carbon dwellings using Structural Insulated Concrete blocks by Grierson, David et al.
Strathprints Institutional Repository
Grierson, David and Bradley, Ciaran and Duff, Adam and Macdonald, 
Michael (2013) The environmental performance of low carbon dwellings 
using Structural Insulated Concrete blocks. CIC Start Online Innovation 
Review. , 
This version is available at http://strathprints.strath.ac.uk/43173/
Strathprints is  designed  to  allow  users  to  access  the  research  output  of  the  University  of 
Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights 
for the papers on this site are retained by the individual authors and/or other copyright owners. 
Please check the manuscript for details of any other licences that may have been applied. You 
may  not  engage  in  further  distribution  of  the  material  for  any  profitmaking  activities  or  any 
commercial gain. You may freely distribute both the url (http://strathprints.strath.ac.uk/) and the 
content of this paper for research or private study, educational, or not-for-profit purposes without 
prior permission or charge. 
Any  correspondence  concerning  this  service  should  be  sent  to  Strathprints  administrator: 
strathprints@strath.ac.uk
 1 
The environmental performance of low 
carbon dwellings using Structural 
Insulated Concrete blocks  
Authors: Dr David Grierson
1
, Ciaran Bradley
2
, Adam Duff
3
, & Michael Macdonald
4
 
Abstract  
 
This role of this research paper is to determine the energy and financial savings that can be achieved 
by using Structurally Insulated Concrete (SIC) blocks instead of typical concrete construction 
methods which comply with Section 6 of current Scottish building regulations.  The paper uses 
computer simulation to determine the EPC rating of the four concept dwellings to determine the 
savings that can be made from using the SIC blocks instead of notional construction techniques.    
The computer simulation of the four dwellings has found that significant energy and financial savings 
can be made from using the SIC blocks instead of the notional construction techniques.  The table 
below shows that all notional dwellings have achieved an EPC banding E, whilst the SIC blocks offer a 
vast improvement by achieving a C or B rating.   
EPC ratings of Notional and SIC block dwellings 
Design 
Notional 
Dwellings 
SIC Block 
dwelling 
Gael House E C 
Solus House E C 
Tri House E B 
Teaglach House E C 
 
1. Introduction  
 
The RIBA recently developed the principles of low carbon design.  The first principle is for the 
designer to know and understand the energy demand of the building.  As space heating consumes 
ŽǀĞƌ ? ?A?ŽĨƚŚĞĞŶĞƌŐǇĨƌŽŵƚŚĞh< ?ƐƌĞƐŝĚĞŶƚŝĂůďƵŝůĚŝŶŐ (Thorpe, 2010), it is important the 
designers first address the large energy demand (RIBA, 2009).   
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To reduce the energy demand of the dwelling, the designers must first ensure a high level of fabric 
efficiency in the building envelope, before tackling the efficiency of the systems or installing 
renewable technologies (RIBA, 2009).   
The requirement to address the efficiency of the fabric efficiency of a dwelling has generated a 
number of innovative methods of construction methods and technologies, which offer high thermal 
performance and reduce the heat loss the air infiltration.  Structural insulated concrete (SIC) blocks, 
are innovative forms of wall construction techniques.  The insulated blocks feature two layers of 
insulate, they are connected in similar method to block-work, then in filled with poured concrete to 
provide stability.  This offers high air tightness and thermal resistance to limit heat loss within the 
building (Quad-lock, 2012).    
The reduced energy demand that can be achieved by using the SIC panels, will help to increase its 
EPC and SAP rating.   In addition the reduced energy demand from using the SIC panels can offer 
significant financial savings, as operational cost will be lower.   
This role of this report is to compare the savings in Energy Performance Certificates (EPC) rating, 
calculated through computer modelling, and financial savings, calculated through savings in fuel 
costs, that can be gained from addressing the fabric efficiency of the dwelling, using SIC blocks, 
rather than Notional Concrete Construction methods that comply with 2011 Scottish Building 
Standards.   
2. Aim & Objectives 
 
2.1. Aim  
The aim of this research is to determine the energy savings that can be achieved when using SIC 
Blocks rather than Notional Concrete Construction set to section 6 of 2011 Scottish Build Standards.   
2.2. Objectives 
 Determine the improve the EPC rating that can be achieved from using SIC blocks over 
notional concrete construction   
 Calculate the financial savings achieved through the fuel costs using the SIC blocks. 
 Determine the SAP rating of each dwellings using the SIC blocks 
 Determine the improvements in SAP rating that can be achieved through the introduction of 
energy systems or renewable technologies   
3. Methodology  
 
3.1. Reference low carbon dwellings 
In order to determine the savings that can be gained from using the SIC blocks against the notional 
concrete construction method this report has used four concept low carbon dwellings developed by 
Glasgow-based NDVR Architects. 
The four assessed low carbon dwellings range in size and type, from two bed bungalows to four-bed 
detached dwelling.  Using dwellings of varying sizes, and types, allows for an effective comparison of 
the energy performance of the SIC blocks used in different internal and external areas and volumes, 
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and exposure conditions.  Using concept dwellings ensures that when determine the energy 
performance, using the computer modelling, assumptions can be kept constant such as location etc.   
The low carbon dwellings are orientated to the south with large windows to maximise for solar 
gains, to limit the demand for heating and make maximum use of daylight; extended eaves are used 
for solar shading in the summer.   The pitch on the south facing side of the dwellings is set at 30° to 
optimise for solar thermal or PV panels.   
The dwellings do not specify the type of ventilation used, such as natural or air conditioning or 
MVHR, therefore this report has assumed that the dwelling with meet the requirements set in 
Section 3 of the Scottish Building Standards.    
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Gael house Solus House Tri House Teaglach House 
Description  
 Two bedroom Bungalow  
 Large open-able glazes windows 
to the south of the dwelling,  
 Maximises solar gains  
 30° pitch to roof for renewable 
optimisation   
 Under floor heating  
Construction  
 Timber truss roof  
 Suspended poured concrete 
 High performance double glazed 
timber windows 
 
Description  
 Two bedroom Bungalow  
 Large open-able glazes windows 
to the south of the dwelling,  
 Maximises solar gains  
 30° pitch to roof for renewable 
optimisation   
 Under floor heating  
Construction  
 Timber truss roof  
 Suspended poured concrete 
 High performance double glazed 
timber windows 
 
Description  
 Three bedroom Bungalow  
 Large open-able glazes windows 
to the south of the dwelling,  
 Maximises solar gains  
 30° pitch to roof for renewable 
optimisation   
 Under floor heating  
Construction  
 Timber truss roof  
 Suspended poured concrete 
 High performance double glazed 
timber windows 
 
Description  
 Three bedroom Detached    
 Large open-able glazes windows 
to the south of the dwelling,  
 Maximises solar gains  
 30° pitch to roof for renewable 
optimisation   
 Under floor heating  
Construction  
 Timber truss roof  
 Suspended poured concrete 
 High performance double glazed 
timber windows 
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3.2. Construction methods  
The study compares the energy and financial savings 
that can be made from using SIC blocks over traditional 
concrete construction techniques.  A Quad-Lock 
developed system is used for the assessed SIC blocks.  It 
is formed by two layers of polystyrene insulate held 
together by steel ties (figure 1) with a poured 
reinforced concrete core.  Brackets can be attached at 
the end of each tie, to allow for fixings for cladding rail 
or render to be applied directly to the insulate (Qua-
Lock, 2013).   
The Quad-Lock method allows for different insulation 
depths for the desired U-value.  This paper sought a 
target U-value of 0.15 W/m
2
k, significantly lower than 
the notional U-values set in Building regulations Table 1 
(Scottish Government, 2010).     
Table 1 Wall construction methods with U-Values (Scottish Government, 2010) 
Construction U-Value (W/m
2
k) 
2011 Scottish Build Standards 0.25 
YƵĂĚůŽĐŬ͛Ɛ SIC blocks 0.15 
 
Table 2 shows the U Values of the roof and floor and windows used in the this assessment for the SIC 
blocks and the notional dwellings.   
Table 2 U-values of other external elements 
 Construction SIC Block (W/m
2
k) Notional (W/m
2
k) 
Roof .14 0.18 
Floor .14 0.20 
Windows 1 1.8 
3.3. Energy performance modelling  
To assess the low carbon dwellings, computer modelling (IES VE compliance software) was used to 
determine their EPCs and SAP rating.  Two 3D models were generated for the four low carbon 
dwellings; the first assessed using the 2011 Scottish Building Regulation concrete constructions to 
set the baseline EPC.   
The SIC block models were then modelled to determine the improvements.  The NDVR constructed 
3D model was then subjected to further testing with various energy systems applied to each 
dwelling to determine the improvements in SAP rating.  The energy systems chosen were a PV panel 
system of 3, 6 or 12m
2
, a solar panel system of the same sizes, a ground source heat pump, an air 
source heat pump, or a mechanical ventilation heat recovery (MVHR) system.  
Figure 1 Quad-Lock SIC Blocks with steel ties (Qua-
Lock, 2013) 
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IES VE software was used, as it is an accredited EPC and SAP analysis software, and can effectively 
calculate the energy consumption of the dwelling to determine the fuel costs and the savings ,which 
could be made through the energy systems.   
UK Energy Performance Certificates and Rating System  
Energy Performance Certificates are used in the UK to determine and demonstrate the energy 
performance of domestic and non-domestic buildings, which they are being sold, rented, 
constructed or refurbished.  They were first introduced in England and Wales in August 2007 and 
2009 in Scotland.  It follows legislation set by the EuroƉĞĂŶhŶŝŽŶƐ ?ŽŵŵŝƐƐŝŽŶŽŶŶĞƌŐǇƐƚĂƚŝŶŐ
that Member States must provide statistics on the energy use and carbon emissions of buildings.   
EPCs used the Standard Assessment Procedure to rate the buildings.  Buildings are rated from  “ ?
(very efficient) to  “' ? ?ůĞĂƐƚĞĨĨŝĐŝĞŶƚ) corresponding to a SAP rating of 1 to 100  (Communities and 
Local Goverment, 2008).  
Standard Assessment Procedure  
To allow for high quality simulation of the thermal performance of a dwelling design the Building 
ZĞƐĞĂƌĐŚƐƚĂďůŝƐŚŵĞŶƚ ?ƐĚĞƉĂƌƚŵĞŶƚŽĨĞŶĞƌŐǇĂŶĚĐůŝŵĂƚĞĐŚĂŶŐĞŽƌĚĞǀĞůŽƉĞĚƚŚĞ
Standard Assessment Procedure (SAP) (Griffiths, 2010). This not only gives a picture of the dwellings 
performance but also allows for compliancy checks to be carried out in line with building regulations.  
SAP is based upon a dwelling energy balance calculation with the sum of solar and useful internal 
gains being subtracted from the total heat losses for the dwelling to provide a space-heating 
requirement. A range of factors has an effect upon a dwellings energy balance; these include the 
materials used to construct the dwellings, the insulation used in the buildings fabric and the 
ventilation characteristics of the dwelling among others (Griffiths, 2010). 
SAP gives four outputs from calculation firstly a SAP rating is produced this gives a ranking between 
1 and 100 for the dwellings operational costs, with 100 being the greatest rating available. An 
estimation of operational costs is also produced with using twice yearly updated fuel prices, though 
this only includes fuel usage for space and water heating and electricity usage for lighting, fans and 
pumps. Thirdly an environmental impact rating is given based upon the dwellings CO
2
 emissions with 
a rating of 1 to 100 again with 100 being the best rating available. Finally the dwelling emission rate 
is produced giving the amount of CO
2
 emitted per m
2
 of the dwellings floor area, this value is then 
used in demonstrating compliance with building regulations (Griffiths, 2010).   
3.4. Assumptions made for the assessment: 
 As the low carbon dwellings, were concept designs, they had no set site, therefore for this 
assessment the location was modelled for the Glasgow areas, with climate data taken from 
Glasgow Airport.   
 The heating system was a standard regulation Combi-Boiler with water based under floor 
heating with 96% efficiency.  
 The heating profile for the dwellings was set for the standard IES heating profile with time 
and zone controls 
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4. Results  
 
4.1. Gael House 
EPC Rating 
hƐŝŶŐ/^s ?ƐĐŽŵƉůŝĂŶĐĞƐŽĨƚǁĂƌĞĨŽƌƚŚĞWŽĨthe Gael House, the achieved bands are an E+ (at 
69kgCO2/m
2
)for the Notional and C+ (at 33kgCO2/m
2
)for the SIC block construction.  The Notional 
Concrete Construction achieved a poor level of energy performance due to the high U-Value given in 
the 2011 Scottish Building Standards.  As shown by the higher performance of the SIC block, the 
NDVR dwelling can achieve a higher energy efficiency.   
   
 
Financial Savings  
Design 
Floor 
Area 
(m2) 
Notional 
Total 
Energy 
Use 
(kWh) 
NDVR 
Total 
Energy 
Use 
(kWh) 
Energy 
Saving 
(kWh) 
Current 
Electrical 
Unit 
(£/kWh) 
Capital 
Saving 
Per Year 
25 Year saving at 
current pricing 
Gael House 185 27935 15540 12395 £0.11 £1,363.45 £34,086.25 
 
SAP Rating  
hƐŝŶŐ/^s ?Ɛ Sap analysis software the effectiveness of including a range energy systems into the 
Gael house was assessed. It was found that the highest energy saving could be made with a ground 
source heat pump, however due to this system being highly site dependent the most suitable system 
to be installed is a MVHR system giving a saving of 3570kWh per annum, this equates to £392.7 
using current pricing of 11p/unit (Eon, 2013). The savings provided by all assessed systems are 
shown below. 
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4.2. Solus House 
EPC Rating  
The Solus House achieve similar energy performance ratings as the Notional was rated at an E (at 
75kgCO2/m
2
) with the SIC rated at a C+ (at 36kgCO2/m
2
).   
   
 
Financial Savings  
Design 
Floor 
Area 
(m2) 
Notional 
Total Energy 
Use (kWh) 
NDVR Total 
Energy Use 
(kWh) 
Energy 
Saving 
(kWh) 
Current 
Electrical 
Unit 
(£/kWh) 
Capital 
Saving 
Per Year 
25 Year 
saving at 
current 
pricing 
Solus House 159 26871 14628 12243 £0.11 £1,346.73 £33,668.25 
 
375 
750 
1500 
527 
1076 
1555 
4297 
1760 
3570 
Energy Savings (kWh/yr) 
MVHR 
Air Source 
Ground Source 
Solar 12m2 
Solar 6m2 
Solar 3m2 
PV 12m2 
PV 6m2 
PV 3m2 
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SAP Rating  
Much like the Gael house ground source heating was found to be the highest energy saver for the 
Solus house. However this again is costly and site dependent, due to this the recommended energy 
system for this dwelling is air source heating, giving an energy saving of 2430kWh per annum and a 
capital saving of £267.3. The savings provided by all assessed systems are shown below. 
 
 
4.3. Tri House 
EPC Rating  
The Tri House Notional construction achieves similar results as the other dwellings at an E+ (at 
69kgCO2/m
2
), however the SIC block construction achieves the highest rating EPC rating at band B (at 
30kgCO2/m
2
).  This is due to the high floor area, as there is a large uninterrupted roof space; this 
therefore reduces the energy per m
2
 at 77kWh/m
2
 and lower carbon emissions.   
   
375 
750 
1500 
457 
1620 
2050 
4587 
2430 
1604 
Energy Saving (kWh/yr) 
MVHR 
Air Source 
Ground Source 
Solar 12m2 
Solar 6m2 
Solar 3m2 
PV 12m2 
PV 6m2 
PV 3m2 
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Financial Savings  
Design 
Floor 
Area 
(m2) 
Notional 
Total Energy 
Use (kWh) 
NDVR Total 
Energy Use 
(kWh) 
Energy 
Saving 
(kWh) 
Current 
Electrical 
Unit 
(£/kWh) 
Capital 
Saving 
Per Year 
25 Year 
saving at 
current 
pricing 
Tri House 235 34780 18095 16685 £0.11 £1,835.35 £45,883.75 
 
SAP Rating  
SAP analysis of the Tri house found again that if the dwellings site allowed for its inclusion the use of 
ground source heating would be the highest energy saving for the dwelling however to allow for the 
use of several site types a MVHR system is the most suitable choice leading to a saving of 3635kWh 
per annum and a capital saving of £399.85. The savings provided by all assessed systems are shown 
below. 
 
 
4.4. Teaglach House 
EPC Rating  
The Teaglach House achieves EPC ratings for the Notional at an E (at 72kgCO2/m
2
) with the SIC rated 
at a C+ (at 34kgCO2/m
2
).   
375 
750 
1500 
937 
1375 
1716 
4228 
1555 
3635 
Energy Savings (kWh/yr) 
MVHR 
Air Source 
Ground Source 
Solar 12m2 
Solar 6m2 
Solar 3m2 
PV 12m2 
PV 6m2 
PV 3m2 
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Financial Savings  
Design 
Floor 
Area 
(m2) 
Notional 
Total 
Energy Use 
(kWh) 
NDVR 
Total 
Energy 
Use (kWh) 
Energy 
Saving 
(kWh) 
Current 
Electrical 
Unit 
(£/kWh) 
Capital 
Saving 
Per Year 
25 Year 
saving at 
current 
pricing 
Teaglach House 220 34540 18920 15620 £0.11 £1,718.20 £42,955.00 
 
SAP Rating  
The most effective system to be installed into the Teaglach house would be an MVHR system as 
shown below, however again ground sourced heating was a high performer for energy saving. With 
the use of MVHR the dwelling achieves a further saving of 6696kWh per annum leading to a capital 
saving of £736.56 for the end user. The savings provided by all assessed systems are shown below. 
375 
750 
1500 
1104 
1685 
2211 
6746 
3783 
6696 
Energy Savings (kWh/yr) 
MVHR 
Air Source 
Ground Source 
Solar 12m2 
Solar 6m2 
Solar 3m2 
PV 12m2 
PV 6m2 
PV 3m2 
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5. Conclusion  
 
When a straight comparison is drawn between the dwellings using a construction details to simply 
comply with 2011 Scottish Building Regulation and those using the lower U value SIC block 
construction it is simple to conclude that the NDVR designed homes are a superior choice for energy 
usage with all buildings achieving an EPC rating at least two tiers above those using notional 
elements.  
With an average annual saving of 14236kWh from that of the annual energy use of a compliant 
notional house this would save the end user approximately £1566 a year, when the cost of a single 
electrical unit is taken as 11p (Eon, 2013). This if a significant saving and could help with those who 
find themselves in fuel poverty during the winter months. 
The energy saving gained from using a SIC block construction can be further improved with the 
introduction of energy systems into the dwelling. From the results shown above when a SAP analysis 
was carried out for each dwelling type it was found that the effective energy systems to be installed 
into a dwelling are the ground source heat pump and the MVHR system, with the exception of the 
Solus House owing to the dwelling lower internal volume when compared with that of the other 
dwellings, limiting the effectiveness of the MVHR system. Although the ground source heat pump 
was found to be consistently the highest energy saving system the possibility of installation is 
dependent upon the site in which the dwelling is to be based; due to this the most effective energy 
saver for a dwelling throughout all site types would be the installation of the MVHR system in each 
dwelling. 
However although intelligently designed dwellings have the ability to severely lower the energy bills 
of their end user the onus is on the dwellings designer or constructor to educate the general public 
on both the benefits and responsibilities of owning an energy conscious home. As without an 
educated end user a well-designed dwelling may not perform to its designed energy rating. For 
example if an MVHR system is used whilst the dwellings windows are open this can have a negative 
effect on the building energy profile. 
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